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(57) ABSTRACT

The present invention discloses an organic resistive random
access memory and a preparation method thereof. The
memory uses silicon as a substrate, and has a MIM capacitor
structure having a vertical memory unit, where the MIM
structure has a top electrode of Al, a bottom electrode of
ITO, and an middle functional layer of parylene, wherein, a
parylene layer as the functional layer is formed by perform-
ing deposition multiple times, where the deposition of Al,O,
is performed once by ALD between each two deposition of
parylene. A critical region which is in favor of forming a
conductive channel could be formed by controlling the
deposition area of Al,O;, and further control the electrical
characteristics of the memory. Through the present inven-
tion, the cycle-to-cycle and device-to-device uniformity
could be effectively improved, without changing the basic
structure of the memory.
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1
ORGANIC RESISTIVE RANDOM ACCESS
MEMORY AND A PREPARATION METHOD
THEREOF

TECHNICAL FIELD

The invention belongs to a field of organic electronics and
CMOS hybrid integrated circuit technology, and particularly
relates to a uniformity improved structure of an organic
resistive random access memory and a preparation method
thereof.

BACKGROUND OF THE INVENTION

In recent years, resistive random access memory has
drawn aboard attention in the integrated circuit field. Resis-
tive random access memory belongs to non-volatile
memory, and the current market share of a nonvolatile
memory is occupied mainly by flash memory. With further
development of the integrated circuit, the advantages of
reduction in dimension, operating voltage and other aspects
of resistive random access memory make it become a
potential candidate of new generation memory. The basic
principle of the resistive random access memory is that, the
resistance of the memory structure may achieve a reversible
switching between a high resistance state (“0”) and a low
resistance state (“1”) under the applied voltage or current,
thereby achieving storing of data. In choosing the resistive
switching materials, organic materials exhibit huge advan-
tages. Organic materials have lots of varieties, simple syn-
thesis and preparation process, and low cost. Meanwhile,
organic materials may be used to achieve a transparent
electronic system such as a transparent paper (e.g. e-paper),
an electronic display (e.g. OLED), etc.

The uniformity of an organic resistive random access
memory has always been an important research direction.

SUMMARY OF THE INVENTION

The present invention provides an organic resistive ran-
dom access memory and a preparation method thereof,
which improves the device uniformity based on parylene.

The present invention provides an improved resistive
random access memory structure to promote the device
uniformity. The functional layer in the middle of the device
adopt the parylene with excellent resistive switching char-
acteristic, and the current-voltage(I-V) characteristic curve
during the resistive switching is shown in FIG. 1. In this
figure, 1—a transition process of the device from the high
resistance state to the low resistance state under positive
voltage; 2—the low resistance state maintaining process;
3—a transition process of the device from the low resistance
state to the high resistance state under negative voltage;
4—the high resistance state maintaining process. A bottom
electrode of the device is grounded, and the resistance of the
memory can be controlled by the voltage on the top elec-
trode, so that the switching between a high resistance and a
low resistance occurs, i.e., the switching between the two
states of “0” and “1” of the memory.

The technical solutions of the present invention are
offered as follows.

An organic resistive random access memory may be
prepared on a silicon substrate, the memory unit is a MIM
capacitor structure with a top electrode of Al, a bottom
electrode of ITO (Indium tin oxide), and an middle func-
tional layer of parylene. The device are characterized by
that, a parylene layer as the functional layer is formed by
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performing deposition multiple times, wherein the deposi-
tion of Al,O, is performed by using ALD (i.e., atomic layer
deposition) between every two depositions of parylene. By
controlling the deposition area of Al,O;, a critical region
which is in favor of forming a conductive channel is formed,
thereby tuning the electrical characteristics of the memory.

The parylene layer as the functional layer has a thickness
between 20 nm and 80 nm.

The top electrode of Al has a thickness between 200 nm
and 500 nm.

The bottom electrode of ITO has a thickness between 200
nm and 500 nm.

The Al,O; has a thickness of 1 nm to 3 nm and an area
between 100 nmx100 nm and 1 umx1 um.

The type of parylene could be parylene C, parylene N or
parylene D.

Meanwhile, the present invention provides a preparation
method of an organic resistive random access memory, the
method comprises the steps of:

1) growing ITO on a Si substrate as a bottom electrode
and patterning the bottom electrode by using standard pho-
tolithography technology, wherein the bottom electrode is
formed by physical vapor deposition (PVD) process and has
a thickness between 200 nm and 500 nm.

2) forming a photoresist pattern on the bottom electrode
ITO by using electron beam photolithography, growing
Al Oj to a thickness of 1 nm to 3 nm by using atomic layer
deposition (ALD) technology, and forming a local Al,O,
pattern by using a lift-off process;

3) growing a first parylene-C layer by using polymer
CVD technology, wherein the deposition process is per-
formed by using a parylene polymer CVD apparatus with
the standard parameters. The first parylene-C layer has a
thickness of 20 nm, a deposition speed is between 1 nm/min
and 10 nm/min;

4) forming a photoresist pattern on the first parylene-C
layer by using electron beam photolithography once more,
growing Al,O; to a thickness of 1 nm to 3 nm by using
atomic layer deposition (ALD) once more, and forming a
local Al,O; pattern by using a lift-off process;

5) growing a second parylene-C layer by using polymer
CVD technology, wherein the deposition is performed by
using a parylene polymer CVD apparatus with standard
parameters. The second parylene-C layer has a thickness of
20 nm, and a deposition speed is between 1 nm/min and 10
nm/min;

6) forming a photoresist pattern on the second parylene-C
layer layer by using electron beam photolithography once
more, growing Al,Oj; to a thickness of 1 nm to 3 nm by using
atomic layer deposition (ALD) once more, and forming a
local Al,O; pattern by using a lift-off process;

7) defining a bottom electrode-leading our via by photo-
lithography and RIE etching;

8) sputtering Al, by PVD process, with a thickness
between 200 nm and 500 nm, and defining a top electrode
by conventional photolithography and lift-off processes,
meanwhile the bottom electrode is led out.

The present invention has the beneficial effects that both
cycle-to-cycle and device-to-device uniformity would be
significantly improved, without changing the basic structure
of the memory.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic graph illustrating current-voltage
curves during resistive switching of a memory of the present
invention.



US 9,431,620 B2

3

FIG. 2 to FIG. 9 show the detailed implementation steps
according to an embodiment.
FIG. 10 shows the legend for FIG. 2 to FIG. 9.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

The present invention will be further described below
with reference to the accompanying drawings and the exem-
plary embodiments.

Embodiment 1

1) ITO is grown, to a thickness between 200 nm and 500
nm, on a Si substrate as a bottom electrode by PVD process,
and the bottom electrode is patterned by using standard
photolithography technology, as shown in FIG. 2;

2) a photoresist pattern is formed by using electron beam
photolithography, Al,O; is grown to a thickness of 1 nm by
using ALD, and a local Al,O, pattern is formed by using a
lift-off process, as shown in FIG. 3;

3) the first parylene-C layer is grown by polymer CVD, as
shown in FIG. 4, wherein the first parylene-C layer has a
thickness of 20 nm;

4) a photoresist pattern is formed on the first parylene-C
layer by electron beam photolithography, Al,O; is grown to
1 nm thickness by ALD, and a local Al,O, pattern is formed
by using a lift-off process, as shown in FIG. 5;

5) a second parylene-C layer is grown by polymer CVD,
as shown in FIG. 6, wherein the second parylene-C layer has
a thickness of 20 nm;

6) a photoresist pattern is formed on the second
parylene-C layer by electron beam photolithography once
more, Al,O; is grown to 1 nm thickness by ALD, and a local
Al O, pattern is formed by using a lift-off process, as shown
in FIG. 7;

7) a bottom electrode-leading out via is defined by pho-
tolithography and RIE etching, as shown in FIG. 8;

8) Al is sputtered, to a thickness of 200 nm, by a PVD
process, and a top electrode is defined by conventional
photolithography and lift-off processes , meanwhile the
bottom electrode is led out, as shown in FIG. 9.

What is claimed is:

1. An organic resistive random access memory, using
silicon as substrate, with MIM capacitor structure having a
vertical memory unit, where the MIM structure has a top
electrode of Al, a bottom electrode of ITO, and an middle
functional layer of parylene, wherein, a parylene layer as the
functional layer is formed by performing deposition multiple
times, where deposition of Al,Oj; is performed once by using
ALD between each twice performing of deposition of
parylene, and a critical region which is in favor of forming
of a conductive channel is formed by controlling a deposi-
tion area of Al,Oj, thereby controlling electrical character-
istics of the memory.

2. The organic resistive random access memory according
to claim 1, wherein the parylene layer as the functional layer
has a thickness between 20 nm and 80 nm.
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3. The organic resistive random access memory according
to claim 1, wherein the top electrode of Al has a thickness
between 200 nm and 500 nm.

4. The organic resistive random access memory according
to claim 1, wherein the bottom electrode of ITO has a
thickness between 200 nm and 500 nm.

5. The organic resistive random access memory according
to claim 1, wherein Al,O; has a thickness of 1 nm to 3 nm
and has a pattern having area between 100 nmx100 nm and
1 umx1 um.

6. The organic resistive random access memory according
to claim 1, wherein a polymer of parylene is parylene C,
parylene N or a parylene D.

7. A preparation method of an organic resistive random
access memory, comprises the steps of:

1) growing ITO on a Si substrate as a bottom electrode
and patterning the bottom electrode by using standard
photolithography technology, wherein the bottom elec-
trode is formed by physical vapor deposition (PVD)
process and has a thickness between 200 nm and 500
nm;

2) forming a photoresist pattern on the bottom electrode
of ITO by using electron beam photolithography, grow-
ing Al,O; to a thickness of 1 nm to 3 nm by using
atomic layer deposition (ALD) technology, and form-
ing a local Al,O; pattern by using a lift-off process;

3) growing a first parylene-C layer by using polymer
CVD technology, wherein the deposition process is
performed by using a parylene polymer CVD apparatus
with the standard parameters, where the first layer of
parylene-C layer has a thickness of 20 nm, a deposition
speed is between 1 nm/min and 10 nm/min;

4) forming a photoresist pattern on the first parylene-C
layer by using electron beam photolithography once
more, growing Al,O; to a thickness of 1 nm to 3 nm by
using atomic layer deposition (ALD) once more, and
forming a local Al,O; pattern by using a lift-off pro-
cess;

5) growing a second parylene-C layer by using polymer
CVD technology, wherein the deposition is performed
by using a parylene polymer CVD apparatus with
standard parameters, where the second layer of
parylene-C layer has a thickness of 20 nm, and a
deposition speed is between 1 nm/min and 10 nm/min;

6) forming a photoresist pattern on the second parylene-C
layer by using electron beam photolithography once
more, growing Al,O; to a thickness of 1 nm to 3 nm by
using atomic layer deposition (ALD) once more, and
forming a local Al,O; pattern by using a lift-off pro-
cess;

7) defining a bottom electrode-leading out via by photo-
lithography and RIE etching;

8) sputtering Al, by PVD process, with a thickness
between 200 nm and 500 nm, and defining a top
electrode by conventional photolithography and lift-off
processes, meanwhile the bottom electrode is led out.
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